Introduction
Construction of the Lago Caonillas reservoir was completed in 1948 to provide water for hydroelectric power generation along the northern coast of Puerto Rico. The reservoir had an original storage capacity of 55.66 million cubic meters (Mm 3 ) (Soler-López, 2001 ). The dam is located about 4 kilometers (km) east of the town of Utuado and 6 km northwest of the town of Jayuya ( fig. 1) .
The Puerto Rico Electric Power Authority (PREPA) owns and operates the Lago Caonillas reservoir, and since 1996, the reservoir has become an essential part of the Puerto Rico Aqueduct and Sewer Authority (PRASA) North Coast Superaqueduct Project. Water releases for hydroelectric power generation from Lago Caonillas are captured in Lago Dos Bocas downstream of the Caonillas Dam where hydroelectric power is generated again. Releases from Lago Dos Bocas flow into the Río Grande de Arecibo, which replenishes the public-supply raw-water intake pool of the North Coast Superaqueduct about 10 km downstream from the Lago Dos Bocas Dam. As of 2010, the Superaqueduct supplied about 4.44 cubic meters per second (m 3 /s) (348,616 cubic meters per day [m 3 /d]) of potable water to communities along the northern coast, from Arecibo to the San Juan metropolitan area (Molina-Rivera, 2010) .
Because of the importance of Lago Caonillas to the North Coast Superaqueduct, the U.S. Geological Survey (USGS), in cooperation with PRASA, conducted a sedimentation survey of Lago Caonillas between September and November 2012. The results of this survey were compared to the results of a similar survey (Soler-López, 2001 ) conducted in February 2000 to infer the loss of reservoir storage caused by sedimentation. Data collection began in September 2012; however, low water levels restricted the survey extent to about half of the reservoir, leaving the river deltas unaccounted for in the survey. Intense rainfall during October 2012 raised the water level to spillway elevation, and the remaining part of the reservoir was then surveyed. The results of this survey were used to update estimates of the reservoir's storage capacity and its useful life.
Methods of Survey and Analysis
The field techniques and bathymetric data reduction processes used for the 2012 survey were performed following procedures established by the USGS and described in a previously published survey report of Lago Caonillas (Soler-López, 2001 ). The September-November 2012 bathymetric survey was conducted using a bathymetric/land survey system, consisting of a global positioning system (GPS) coupled to a digital depth sounder. A total of 155 survey navigation lines were established at 50-meter (m) intervals, beginning at the dam and continuing upstream along the river branches of the reservoir. Geographic position (accuracy of less than 2 m) and water depths (accuracy of 2 centimeters [cm] ±1 percent of the measured depth) were acquired simultaneously using the GPS interfaced to the depth sounder. The reservoir pool elevation was monitored at the continuous recording USGS lake-level monitoring station Lago Caonillas at damsite near Utuado, Puerto Rico, USGS station number 50026140 ( fig. 1 ). The fathometer was calibrated prior to each day of survey by using a bar check.
The September 2012 pool elevation data for Lago Caonillas were adjusted to represent the depth relative to the spillway elevation. For November 2012, however, the reservoir was at the crest of the spillway structure, and therefore, depth data did not require adjustment. A total of 21,513 data points were collected over the entire reservoir. Volumetric calculations of reservoir capacity were made using a geographic information system (GIS) following procedures similar to those described in Soler-López (2001) . Field data from the SeptemberNovember 2012 survey were used to generate a bathymetric map representing the reservoir bottom ( fig. 2 ). Data points were color-coded according to their specific depths, and same-color points were connected with a [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] storage capacity loss was about 6 percent, representing a decrease of about 0.5 percent per year.
The Lago Caonillas long-term capacity loss rate attributed to sedimentation has not changed substantially relative to its capacity in 1948 when the reservoir was completed. The capacity decreased from 257,500 cubic meters per year (m fig. 4C ). In the vicinity of the Caonillas Dam, minor sediment deposition and scour occurred.
The sediment trapping efficiency of Lago Caonillas for 2012 was estimated by using the capacity-to-inflow ratio established by Brune (1953) . On the basis of the long-term annual sediment inflow of 248.01 Mm 3 and the 2012 water storage capacity of 39.55 Mm 3 , the trapping efficiency was estimated to be 93 percent. 
Summary and Conclusions
During September-November 2012, the U.S. Geological Survey, in cooperation with the Puerto Rico Aqueduct and Sewer Authority, conducted a sedimentation survey of Lago Caonillas to estimate current (2012) reservoir storage capacity and the recent (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) reservoir sedimentation rate by comparing the 2012 bathymetric survey data with the February 2000 data.
The Lago Caonillas storage capacity, which was 42.27 million cubic meters in February 2000, decreased to 39.55 million cubic meters by September-November 2012. The intersurvey (2000-2012) storage capacity loss was about 6 percent, corresponding to a decrease of about 0.5 percent per year; this loss represents a reservoir sedimentation rate of about 226,670 cubic meters per year between 2000 and 2012. On a long-term basis, however, the sedimentation rate has remained nearly constant, decreasing from about 257,500 to 251,720 cubic meters per year during 1948-2000 and 1948-2012, respectively. Most of the sediment accumulation and associated storage capacity loss of Lago Caonillas has occurred within the eastern and Río Caonillas branches of the reservoir. In the vicinity of the Caonillas Dam, minor sediment deposition and scour have occurred.
The Lago Caonillas drainage area sediment yield has decreased by about 2 percent since the previous survey, from 1,266 cubic meters per square kilometer per year in 2000 to 1,237 cubic meters per square kilometer per year in 2012. If the long-term sedimentation rate of 251,720 cubic meters per year remains constant, the useful life of Lago Caonillas may end in about 2169. 
